Design of test specimens and procedures for generating material properties of Douglas fir/epoxy laminated wood composite material: With the generation of baseline data at two environmental conditions by Johnson, Paul E.
NASA CR-174910 
UDR-TR-85-45 
DESIGN OF TEST SPECIMENS AND PROCEDURES FOR 
GENERATING MATERIAL PROPERTIES OF DOUGLAS FIR/EPOXY 
LAMINATED WOOD COMPOSITE MATERIAL: WITH THE GENERATION 
OF BASELINE DATA AT TWO ENVIRONMENTAL CONDITIONS 
PAUL E. JOHNSON 
UNIVERSITY OF DAYTON 
RESEARCH INSTITUTE 
DAYTON, OHIO 45469 
JULY 1985 
FINAL REPORT FOR PERIOD MARCH 1982 THROUGH MARCH 1985 
CONTRACT NO. DEN3-286 
{NASA-CE- 1749 10) DESIGN CP % E S T  SPXIf lENS 187-286 12 ALC PSGCEDCIBES f C f i  G E B E B A I I h G  H A 3 E B U . L  
E b O P E G l I k S  OP C C U G L A S  EIB/EZCXX LAfl ' IIATED 
&COD CCPIEOSIFTE B A ' l E k I 1 L :  kl 'IEi  'IEE G B I E B A T I O I  Unclas 
CF B A S E L I N E  G A Z A  d'I T k C f D a y t c c .  U c i v , )  U 7  P G-3124 0097698 PRJW'HKELJ E WK : 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION/ 
LEWIS RESEARCH CENTER (NASA/LEWIS) 
21000 EROOKPARK RD. 
CLEVELAND, OH 44135 
https://ntrs.nasa.gov/search.jsp?R=19870019179 2020-03-20T10:15:39+00:00Z
NASA C R - 1 7 4 9 1 0  
UDR-TR-85-45 
DESIGN OF TEST SPECIMENS AND PROCEDURES FOR 
GENERATING MATERIAL PROPERTIES OF DOUGLAS FIR/EPOXY 
LAMINATED WOOD COMPOSITE MATERIAL; WITH THE GENERATION 
OF BASELINE DATA AT TWO ENVIRONMENTAL CONDITIONS 
PAUL E.  JOHNSON 
UNIVERSITY OF DAYTON 
RESEARCH INSTITUTE 
DAYTON, OHIO 4 5 4 6 9  
J U L Y  1985  
FINAL REPORT FOR PERIOD MARCH 1982  THROUGH MARCH 1985 
CONTRACT NO. DEN3-286 
PREPARED FOR: 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION/ 
LEWIS RESEARCH CENTER (NASA/LEWIS) 
21000 EROOKPARK RD. 
CLEVELAND, OH 44135 
TABLE OF CONTENTS 
Section Page 
I 1 
, 2 
I 3 
4 
INTRODUCTION 
TASK I - DEVELOPMENT OF SPECIMEN DESIGNS 
1. MONOTONIC TENSION SPECIMEN DESIGN 
2. MONOTONIC COMPRESSION SPECIMEN DESIGN 
3 .  MONOTONIC SHEAR SPECIMEN DESIGN 
4 .  FATIGUE SPECIMEN DESIGN 
TASK I1 - GENERATING TEST DATA 
1. TENSILE TEST RESULTS 
2. COMPRESSION TEST RESULTS 
3 .  SHORT BEAM SHEAR TEST RESULTS 
4 .  TEN DEGREE OFF-AXIS TENSILE SHEAR TEST 
5. CYCLIC TEST RESULTS 
RESULTS 
REFERENCES 
1 
3 
3 
5 
11 
14 
17 
17 
17 
22 
22 
26 
4 0  
LIST OF F I G U R E S  
F i g u r e  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14 
Monotonic and Cycl ic  S p e c i m e n  Designs. 
Typical Task I1 C o m p r e s s i o n  T e s t  R e s u l t s .  
Ten Degree O f f - A x i s  T e n s i l e  Shear T e s t  
R e s u l t s .  
R o o m  T e m p e r a t u r e ,  0 .0  R R a t i o ,  S p e c i m e n  
Design 13 ,  F a t i g u e  R e s u l t s .  
R o o m  T e m p e r a t u r e ,  -0.5 R Rat io ,  S p e c i m e n  
Design 13, F a t i g u e  R e s u l t s .  
R o o m  T e m p e r a t u r e ,  -1.0 R Ratio,  S p e c i m e n  
Design 13 ,  Fa t igue  R e s u l t s .  
120°F,  A p p r o x i m a t e l y  100% RH, 0.0 R R a t i o ,  
S p e c i m e n  Design 13, F a t i g u e  R e s u l t s .  
120°F,  A p p r o x i m a t e l y  1 0 0 %  RH, -1.0 R R a t i o ,  
S p e c i m e n  Design 13, Fat igue  R e s u l t s .  
R o o m  T e m p e r a t u r e ,  0.0 R Rat io ,  S p e c i m e n  D e s i g n  
13J ,  F a t i g u e  Resul t s :  
R o o m  T e m p e r a t u r e ,  -0.5 R Ratio,  S p e c i m e n  
Design 13J ,  Fa t igue  Resul t s .  
R o o m  T e m p e r a t u r e ,  -1.0 R Rat io ,  S p e c i m e n  
Design 13J,  F a t i g u e  Resul t s .  
1 2 0 ° F ,  A p p r o x i m a t e l y  1 0 0 %  RH, 0.0 R R a t i o ,  
S p e c i m e n  Design 13J,  F a t i g u e  R e s u l t s .  
120°F ,  A p p r o x i m a t e l y  1 0 0 %  RH, -1.0 R R a t i o ,  
S p e c i m e n  Design 13J,  Fa t igue  R e s u l t s .  
Typical  Negative R R a t i o  RT and RH F a t i g u e  
T e s t  Set-Up. 
Page 
6 
23 
25 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
38 
i v  
LIST OF TABLES 
I Table 
I 1 
I 2 
I 3 
4 I 
I 5 
6 
I 
I 7 
8 
TASK I - TENSION TEST RESULTS 
TASK I1 - COMPRESSION TEST RESULTS 
SHORT BEAM SHEAR TEST RESULTS 
MONOTONIC TESTS WOOD COMPOSITE LAMINATE 
SPECIMENS 
CYCLIC FATIGUE TESTS WOOD COMPOSITE 
LAMINATE SPECIMENS 
TASK I1 STATIC TENSILE TEST RESULTS 
TASK I1 STATIC COMPRESSION TEST RESULTS 
TASK I1 STATIC SHORT BEAM SHEAR TEST RESULTS 
Page 
10 
12 
15 
18 
19 
20 
21 
24 
V 
ACKNOWLEDGEMENTS 
T h e  work  r e p o r t e d  h e r e i n  w a s  p e r f o r m e d  d u r i n g  t h e  p e r i o d  
March 1 9 8 2  t o  March 1985 u n d e r  Contract  D E N  3-286 sponsored b y  
NASA L e w i s  R e s e a r c h  C e n t e r  (NASA L e R C ) .  M r .  Ray L a r k  w a s  t h e  
NASA P r o j e c t  E n g i n e e r .  A d d i t i o n a l  t e c h n i c a l  g u i d a n c e  w a s  
p r o v i d e d  b y  M r .  T .  S u l l i v a n  a l s o  of N A S A  L e R C .  T h e  U n i v e r s i t y  
of D a y t o n  R e s e a r c h  I n s t i t u t e  ( U D R I )  P r i n c i p a l  I n v e s t i g a t o r  f o r  
t h i s  e f f o r t  w a s  M r .  P a u l  E .  J o h n s o n .  M r .  J o h n s o n  is p a r t  o f  t h e  
S t r u c t u r a l  T e s t  L a b o r a t o r y  ( S T L )  Group w h i c h  i n  t u r n  is p a r t  o f  
t h e  E x p e r i m e n t a l  a n d  A p p l i e d  M e c h a n i c s  D i v i s i o n  o f  U D R I  w h i c h  is 
s u p e r v i s e d  by M r .  George J .  R o t h .  The  a u t h o r  g r a t e f u l l y  acknow- 
l e d g e s  t h e  c a p a b l e  s u p p o r t  p r o v i d e d  by t h e  e n t i r e  STL t e c h n i c a l  
s t a f f  a n d  t h e  o t h e r  U D R I  t e c h n i c i a n s  who a s s i s t ed  i n  t h e  
deve lopmen t  of t h e  t e s t  s p e c i m e n s  f a b r i c a t i o n  procedures. W e  
a re  a l s o  g r a t e f u l  f o r  t h e  a s s i s t ance  provided by  t h e  Gougeon 
Brothers Iiic. eilcjineers Kessrs. Tern Stroehol a n ?  William D. 
B e r t e l s e n .  
Vi 
S E C T I O N  1 
I N T R O D U C T I O N  
I n d i v i d u a l l y  and i n  c o m b i n a t i o n  w i t h  many o t h e r  materials 
wood h a s  b e e n  u t i l i z e d  i n  many forms a s  a v i a b l e  e n g i n e e r i n g  
material f o r  many c e n t u r i e s .  One of  t h e  l a t e s t  d e v e l o p m e n t s  i n  
wood t e c h n o l o g y  h a s  b e e n  t h e  h i g h  p e r f o r m a n c e  l a m i n a t e d  D o u g l a s  
F i r / W e s t  S y s t e m  e p o x y  c o m p o s i t e  mater ia l  d e v e l o p e d  by Gougeon 
B r o t h e r s ,  I n c . ,  Bay C i t y ,  Mich igan .  T h i s  mater ia l  s y s t e m  u t i l -  
i z e s  0.10 i n c h  n o m i n a l  t h i c k n e s s  D o u g l a s  F i r  v e n e e r s  l a m i n a t e d  
a n d  sealed w i t h  t h e  two-part West Sys t em@ e p o x y .  One o f  t h e  
a d v a n t a g e s  o f  t h i s  s y s t e m  is t h a t  e p o x y  s e r v e s  t o  b u f f e r  t h e  
m o i s t u r e  c o n t e n t  o f  t h e  wood ( t o  m a i n t a i n  o p t i m a l  l e v e l s )  o v e r  
t h e  s h o r t  term. T h e  material  u n d e r  c o n s i d e r a t i o n  i n  t h i s  e f f o r t  
had  a u n i d i r e c t i o n a l  f i b e r  o r i e n t a t i o n  a n d  w a s  selected a s  a 
p r i m a r y  material  f o r  t h e  a i r f o i l s  i n  t h e  NASA/DOE MOD 5 A  7MW 
!.:in2 ~ u r b i n e  ~ e n e r a t n r ;  Being a r e l a t i v e l y  new material  a 
l i m i t e d  amoun t  o f  material  p r o p e r t y  da t a  is a v a i l a b l e  t o  d e s i g n  
e n g i n e e r s .  I t  w a s  t h e  i n t e n t  of t h e  c u r r e n t  e f f o r t  t o  d e v e l o p  
s p e c i m e n s  and p r o c e d u r e s  s u i t e d  t o  t h i s  material  t o  g e n e r a t e  
p e r t i n e n t  m o n o t o n i c  a n d  c y c l i c  data ( T a s k  I ) .  T a s k  (11) w a s  t h e  
g e n e r a t i o n  of t h e  b a s e l i n e  da t a  a t  t w o  e n v i r o n m e n t a l  c o n d i t i o n s  
u t i l i z i n g  t h e  s p e c i m e n s ,  g r i p i n g  s y s t e m ,  a n d  p r o c e d u r e s  
d e v e l o p e d  i n  T a s k  I .  
T h e  t y p e s  of m e c h a n i c a l  l o a d i n g s  t o  b e  c o n s i d e r e d  was 
l i m i t e d  t o  m o n o t o n i c  t e n s i o n ,  m o n o t o n i c  c o m p r e s s i o n ,  m o n o t o n i c  
s h e a r ,  t e n s i o n / t e n s i o n  f a t i g u e  and t e n s i o n / c o m p r e s s i o n  f a t i g u e .  
S i n c e  a l l  l a r g e  s t r u c t u r e s  f a b r i c a t e d  f r o m  t h i s  mater ia l  m u s t  
i n c o r p o r a t e  j o i n t s  o r  f a s t e n e r s  t h e  t e s t  m a t r i x  i n c l u d e d  
s p e c i m e n s  w i t h  j o i n t s  ( 1 2 / 1  s c a r f ) .  Many of t h e  i n v e s t i g a t i o n s  
c o m p l e t e d  t o  d a t e  i n v o l v i n g  t h i s  material h a v e  i n c o r p o r a t e d  
l a r g e  volume s t r u c t u r a l  t y p e  test specimens w h i c h  were v e r y  
c o s t l y  t o  f ab r i ca t e  a n d  t e s t .  T h i s  e f f o r t  w a s  somewha t  u n i q u e  
i n  t h a t  r e l a t i v e l y  small volume coupon t y p e  t es t  s p e c i m e n s  were 
u t i l i z e d  t o  g e n e r a t e  b a s e l i n e  m e c h a n i c a l  p r o p e r t y  data  t o  
1 
s u p p l e m e n t  t h e  large scale s t r u c t u r a l  work and t o  p r o v i d e  alter-  
n a t e  e c o n o m i c a l  methods  for e v a l u a t i n g  material b e h a v i o r  for 
many a p p l i c a t i o n s .  W i t h i n  t h i s  e f f o r t  a c u r s o r y  i n v e s t i g a t i o n  
o n  t h e  e f f ec t  of test s p e c i m e n  test s e c t i o n  volume was under-  
I t a k e n  for t h e  monoton ic  t e n s i o n  spec imen .  
I 
2 
S E C T I O N  2 
T A S K  I - DEVELOPMENT OF S P E C I M E N  D E S I G N S  
T h e  T a s k  I s e c t i o n  of t h e  p rogram i n c l u d e d  t h e  e v o l u t i o n  
o f  t h e  v a r i o u s  t e s t  s p e c i m e n  d e s i g n s  a l o n g  w i t h  t h e  c o m p a n i o n  
g r i p p i n g  s y s t e m s  a n d  t h e  d e v e l o p m e n t  o f  s u i t a b l e  t e s t  proce- 
d u r e s .  A l l  o f  t h e  t e s t s  i n  b o t h  Task  I a n d  T a s k  I1 w e r e  
completed u t i l i z i n g  t h e  MTS s e r v o h y d r a u l i c  closed-loop t e s t  
s y s t e m s  located i n  t h e  U n i v e r s i t y ' s  S t r u c t u r a l  T e s t  L a b o r a t o r y  
( S T L ) .  T h e  STL h a s  n i n e  t e s t  systems r a n g i n g  i n  c a p a c i t y  f r o m  
3,300 p o u n d s  t o  2 2 0 , 0 0 0  p o u n d s .  Most o f  t h e  t e s t i n g  f o r  t h i s  
e f f o r t  w a s  c o n d u c t e d  i n  o n l y  t w o  of t h e s e  t es t  s y s t e m s  w h i c h  
were r a t e d  a t  10,000 p o u n d s .  T h e  l a b o r a t o r y  m a i n t a i n s  t h r e e  
s h i f t s  o f  f u l l  t i m e  t e c h n i c i a n s  s o  l o n g  term tests c a n  be care- 
f u l l y  m o n i t o r e d  a n d  t h e  m a c h i n e s  a r e  more f u l l y  u t i l i z e d .  The  
l a b o r a t o r y  a m b i e n t  e n v i r o n m e n t  is m a i n t a i n e d  a t  7 2 "  + 3 ° F  a n d  50 
- + 5% R H .  The  t e s t  s p e c i m e n s  f o r  a l l  t e s t s  t o  be cor~diiiicted at 
t h e  a m b i e n t  c o n d i t i o n  were s t a b i l i z e d  i n  t h e  l a b o r a t o r y  f o r  a 
minimum o f  1 4  d a y s .  The t e s t s  c o n d u c t e d  a t  e l e v a t e d  tempera- 
t u r e s  ( 1 2 0 ° F )  a n d  m o i s t u r e  content ( a p p r o x i m a t e l y  1 2  p e r c e n t )  
were completed u t i l i z i n g  I n s t r o n  e n v i r o n m e n t a l  chambers i n -  
s t a l l e d  b e t w e e n  t h e  u p r i g h t s  of t h e  load f r a m e s .  T h e s e  c h a m b e r s  
h a v e  c losed-loop t e m p e r a t u r e  c o n t r o l .  The s p e c i m e n  t e s t  s e c t i o n  
l oca l  e n v i r o n m e n t  w a s  m a i n t a i n e d  a t  a p p r o x i m a t e l y  100% RH d u r i n g  
t h e  h o t / w e t  t e s t s  b y  w r a p p i n g  t h e  test s e c t i o n  w i t h  a damp c l o t h  
a n d  s e a l i n g  t h e  a s s e m b l y  w i t h  p l a s t i c  wrap a n d  d u c t  tape. T h e  
h o t / w e t  s p e c i m e n s  were p r e c o n d i t i o n e d  i n  a c o n s t a n t  t e m p e r a t u r e  
a n d  h u m i d i t y  c h a m b e r  ( B l u e  M Model AC-7702HB-1) m a i n t a i n e d  a t  
1 2 0 ° F  a n d  a p p r o x i m a t e l y  100% R H  for  a l e n g t h  a time e m p i r i c a l l y  
d e t e r m i n e d  t o  r a i se  t h e  m o i s t u r e  c o n t e n t  t o  a p p r o x i m a t e l y  1 2  
p e r c e n t  b y  w e i g h t  f o r  e a c h  r e s p e c t i v e  s p e c i m e n  d e s i g n .  
1. MONOTONIC T E N S I O N  S P E C I M E N  D E S I G N  
The  e v o l u t i o n  o f  t h e  m o n o t o n i c  t e n s i o n  s p e c i m e n  d e s i g n  
b e g a n  w i t h  t h e  a p p l i c a b l e  ASTM s t a n d a r d s  (D143-52 a n d  D3500-76) 
3 
a n d  t h e  d a t a  p r e s e n t e d  by Markwardt  a n d  L o u n g q u i s t  i n  R e f e r e n c e  
1. A l l  of t h e s e  r e f e r e n c e s  recommend a d o g b o n e  s h a p e d  s p e c i m e n  
w i t h  l a r g e  t r a n s i t i o n  r a d i i  w i t h  a minimum g r i p  t o  tes t  s e c t i o n  
w i d t h  r a t i o  of 2 : l .  The minimum a c c e p t a b l e  test  s e c t i o n  w i d t h  
f o r  a l l  l a m i n a t e  t h i c k n e s s  was t a k e n  a s  t h e  maximum n o m i n a l  test  
I s e c t i o n  t h i c k n e s s  o r  1 i n c h  f o r  t h e  10 p l y  l a m i n a t e .  
I T h e  STL h a s  i n  o u r  g r i p  i n v e n t o r y  t w o  p a i r s  o f  
55,000 pound  c a p a c i t y  MTS h y d r a u l i c  a c t i v a t e d  wedge  a c t i o n  
g r i p s .  T h e  w e d g e s  w h i c h  clamp down o n  t h e  s p e c i m e n s  h a v e  a 
serrated s u r f a c e  a p p r o x i m a t e l y  4 i n c h e s  s q u a r e .  T e n s i l e  a n d / o r  
c o m p r e s s i v e  l o a d s  a re  t r a n s f e r r e d  f rom t h e  g r i p s  t o  t h e  s p e c i m e n  
b y  s h e a r  a t  t h e  g r i p / s p e c i m e n  i n t e r f a c e s .  
! 
The  n o r m a l  f o r c e s  w h i c h  t h e  g r i p s  e x e r t  o n  t h e  s p e c i m e n  
f a c e s  is a d j u s t a b l e  by  means of v a r y i n g  t h e  g r i p  h y d r a u l i c  
p r e s s u r e .  T h e s e  g r i p s  a re  c o n v e n i e n t  t o  u s e  ( s p e c i m e n  i n s t a l l a -  
t i o n  a n d  Lemoved i:: l e s s  than 60 s e c o n d s ) ,  p r o v i d e  v e r y  u n i f o r m  
g r i p p i n g ,  a n d  a re  i d e a l  f o r  f a t i g u e  work s i n c e  t h e y  are 
h y d r a u l i c a l l y  p r e l o a d e d  ( b a c k l a s h  f r e e ) .  
T h e s e  h y d r a u l i c  MTS g r i p s  were u t i l i z e d  f o r  t h e  d e v e l o p -  
men t  o f  t h e  t e n s i l e  s p e c i m e n .  The f i r s t  d e s i g n s  were 2 o r  
4 i n c h e s  wide i n  t h e  g r i p s  a n d  dogboned t o  a smaller  d i m e n s i o n  
i n  t h e  t e s t  s e c t i o n .  The specimen t h i c k n e s s  was c o n s t a n t  a t  3 ,  
5 ,  7 ,  or 10 ply. Only the unjointed longitudinal material 
(largest axial forces) was utilized in the Task I phase. Speci- 
men designs 1, 2, 3, and 6 shows in Figure 1 were all evaluated 
in conjunction with the MTS grips. Designs 4 and 5 were conceived 
as alternates to designs 3 and 6 res~ectively (with different 
test section volumes), but were not utilized. Immediately it 
w a s  n o t e d  t h a t  t h e  g r i p s  were e x c e s s i v e l y  c r u s h i n g  t h e  e n d s  o f  
t h e  s p e c i m e n s  c a u s i n g  a p r e m a t u r e  f a i l u r e  a t  t h e  g r i p .  T h i s  w a s  
c a u s e d  b y  a n  a x i a l  f o r c e  component  e x c e e d i n g  t h e  h y d r a u l i c  wedge 
p r e l o a d  r e s u l t i n g  i n  a d d i t i o n a l  wedging  a c t i o n  e v e n  t h o u g h  t h e  
c r u s h  p r o d u c e d  by t h e  i n i t i a l  h y d r a u l i c  preload w a s  s u f f i c i e n t  
t o  t r a n s f e r  t h e  s h e a r  load f r o m  t h e  g r i p  t o  t h e  s p e c i m e n .  T h i s  
s i t u a t i o n  w a s  r e m e d i e d  by d e s i g n i n g  U-shaped m e c h a n i c a l  c r u s h  
4 
l imi te rs  t o  s u r r o u n d  t h e  e n d s  o f  t h e  s p e c i m e n  a n d  l i m i t  t h e  
c r u s h  o n  t h e  s p e c i m e n  t o  a p p r o x i m a t e l y  15 p e r c e n t .  W i t h  t h e  
c r u s h  l imi te rs  i n s t a l l e d  t h e  s p e c i m e n  w i d t h  i n  t h e  g r i p s  was 
I l i m i t e d  t o  3 i n c h e s  a n d  t h e  s p e c i m e n  t e s t  s e c t i o n  w i d t h  w a s  
t a k e n  a s  1 i n c h  ( d e s i g n  7 i n  F i g u r e  1) .  W i t h  t h i s  s p e c i m e n  
d e s i g n  good r e s u l t s  ( f a i l u r e  i n  t h e  t e s t  s e c t i o n  a t  stresses 
comparable w i t h  o t h e r  i n v e s t i g a t o r s )  were o b t a i n e d  f o r  3, 5 a n d  
7 p l y  l a m i n a t e s .  T h e  10 p l y  l a m i n a t e  g e n e r a t e d  loads  s u f f i c i e n t  
t o  c a u s e  a s h e a r  f a i l u r e  i n  t h e  o u t e r  wood p l i e s  i n  t h e  g r i p .  A 
scaled u p  v e r s i o n  ( a p p r o x i m a t e l y  2 x )  o f  d e s i g n  7 w o u l d  undoub-  
t e d l y  work f o r  t h e  10 p l y  l a m i n a t e  b u t  was o u t s i d e  of t h e  scope 
of t h i s  e f f o r t .  The  T a s k  I t e n s i l e  t e s t  r e s u l t s  are  p r e s e n t e d  
i n  Table  1. The  m o d u l u s  v a l u e s  r e p o r t e d  i n  t h e  t ab l e  were 
g a t h e r e d  b y  u t i l i z i n g  a 2 - i n c h  g a g e  l e n g t h  s t r a i n  g a g e  e x t e n -  
someter a t t a c h e d  t o  t h e  c e n t e r  of t h e  test  s e c t i o n .  T h e  tests 
were r u n  a t  a s t a t i c  r a t e  u p  t o  a p p r o x i m a t e l y  60 t o  70 p e r c e n t  
! 
I 
I 
I 
I 
I 
of t h e  a n t i c i p a t e d  c----b*.-fi   LA^^^^^^ 1 n a A  a t  % h i c k  t i m e  t h e  load w a s  h e l d  
w h i l e  t h e  e x t e n s o m e t e r  w a s  removed ( t o  p r e s e r v e  t h e  
e x t e n s o m e t e r )  t h e n  t h e  l o a d i n g  w a s  r e s u m e d  t o  f r a c t u r e .  T h e  
e x t e n s o m e t e r  w a s  a l t e r n a t e l y  p l a c e d  o n  t h e  f r o n t  o r  b a c k  (across 
a s i n g l e  p l y )  a n d  o n  t h e  s i d e  (across  a l l  p l i e s )  o n  t h e  
s p e c i m e n s .  The U n i v e r s i t y  recommends p l a c i n g  t h e  e x t e n s o m e t e r  
ac ross  t h e  s i d e  of t h e  s p e c i m e n  which  is w h a t  was d o n e  f o r  t h e  
T a s k  I1 t e n s i l e  s p e c i m e n s .  The 5 p l y  v e r s i o n  o f  d e s i g n  7 was 
selected f o r  T a s k  I1 t e s t i n g  s i n c e  t h e s e  r e s u l t s  appeared t o  be 
a b o u t  a v e r a g e  a n d  s i n c e  t h e  5 p l y  l a m i n a t e  l e n d s  i t s e l f  n i c e l y  
t o  i n c o r p o r a t i n g  t h r e e  scarf j o i n t s .  
2. MONOTONIC COMPRESSION SPECIMEN D E S I G N  
T h e  f irst  a t tempt  a t  a c o m p r e s s i o n  tes t  s p e c i m e n  d e s i g n  
w a s  a t e n s i o n  d e s i g n  w i t h  l a t e r a l  c o n s t r a i n t  ( a n t i b u c k l i n g  
f i x t u r e ) .  V i s u a l  m o n i t o r i n g  of  these tes ts  d i d  n o t  d i sc lose  a n y  
u n u s u a l  b e h a v i o r  a l t h o u g h  t h e  a x i a l  stress a t  f r a c t u r e  
( a p p r o x i m a t e l y  8,000 p s i )  w a s  lower t h a n  e x p e c t e d  a n d  i n d i c a t e d  
i n s t a b i l i t y  i n  t h e  s p e c i m e n s  ( b u c k l i n g ) .  I t  w a s  decided t o  t r y  
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TABLE 1 
TASK I - TENSION TEST RESULTS 
31-37-03 
31-37-039 
31-3-7-040 
31-3-7-041 
31-3-7-051 
31-37-052 
31-37-053 
31-3-7-054 
31-37-055 
31-37-056 
31-37-05? 
31-37-058 
5-1-37-042 
5-1-37-043 
5-1-3-7-044 
5-1-37-046 
5-1-37-059 
5-1-37-868 
5-1-3-7-861 
5-1-37-062 
5-1-37-&3 
5-1-37-864 
5-1-37-065 
54-3-7466 
7-1-37-847 
7-1-3-7- 
7-1-37-049 
7-1-37-858 
7-1-37-867 
7-1-37-868 
7-1-37-869 
7-1-37-878 
7-1-37-071 
7-1-37-072 
7-1-37-873 
7-1-37-074 
~ 
1,988,482 
1,=,= 
2,=,857 
2,257,746 
2,837,652 
2,369,281 
2,394,137 
2,396,479 
2,-,= 
2,662,167 
2,514,859 
2,531,436 
1,=,= 
1,566,731 
1,934,465 
Z , Z Z , - i  
1,927,849 
2,848,831 
1,941,934 
1,928,492 
2,272,278 
2,074,298 
2,854,484 
2,072,141 
1,=,= 
2,852,486 
1,941,417 
1,999,167 
1,014,211 
2,136,437 
1,849,432 
1,914,231 
1,936,299 
18934,995 
2,=,= 
18969,684 
13,610 
14,470 
13,188 
15,458 
15,781 
14,216 
14,495 
13,042 
14,994 
16,732 
12,964 
14,394 
13,388 
13,100 
12,950 
--, 17.3c;8 ---
14,507 
12,702 
11,729 
13, a 
12,- 
13,012 
11,413 
13,622 
12,828 
13,878 
14,260 
15,laB 
12,495 
1 1 , m  
15,379 
12,827 
16,056 
12,558 
14,150 
13,164 
3 PLY 2,282,376 14,439 29,967 1,118 
5 PLY 1,951,086 13,009 197,039 793 
7 PLY 1,961,865 13,587 W, 216 1,433 
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a 10 p l y  r i g h t  p r i sm s p e c i m e n  d e s i g n  ( d e s i g n  11) w i t h  a 3 t o  1 
s l e n d e r n e s s  r a t i o .  T h e s e  s p e c i m e n s  were tested b e t w e e n  f l a t  
s t e e l  p l a t e n s .  H a l f  of t h e  s p e c i m e n s  were tes ted w i t h  f i x e d  
p l a t e n s  t h e  o t h e r  h a l f  w i t h  o n e  f i x e d  a n d  o n e  s w i v e l  ( s p h e r i c a l  
s e a t )  p l a t e n .  Half of e a c h  of t h e s e  g r o u p s  were tes ted  w i t h  t h e  
s t r a i n  g a g e  e x t e n s o m e t e r  p l a c e d  on  t h e  f r o n t  ( o r  b a c k )  of t h e  
s p e c i m e n  ( o n  a s i n g l e  p l y )  a n d  t h e  o t h e r  h a l f  w i t h  t h e  e x t e n -  
someter o n  t h e  s i d e  o f  t h e  specimen (across  a l l  10 p l i e s ) .  The 
t es t  r e s u l t s  are  p r e s e n t e d  i n  Table 2. 
I f  t h e  e n d s  of t h e  c o m p r e s s i o n  s p e c i m e n  a r e  n o t  f l a t  a n d  
p a r a l l e l  a n d  a re  tested between f i x e d  p l a t e n s  t h e  e x t e n s o m e t e r  
s i g n a l  w i l l  g e n e r a l l y  be v e r y  n o n l i n e a r  a n d  t h e  c a l c u l a t e d  
m o d u l u s  w i l l  n o t  b e  r e p r e s e n t a t i v e  of t h e  mater ia l .  The c a l c u -  
l a t e d  m o d u l u s  c a n  e i t h e r  be lower o r  h i g h e r  t h a n  t h e  correct  
v a l u e  d e p e n d i n g  upon t h e  e f f e c t i v e  l e n g t h  o f  t h e  s p e c i m e n  a t  t h e  
l o c a t i o n  of t h e  e x t e n s o m e t e r .  Two e x t e n s o m e t e r s  ( o r  s t r a i n  
g a g e s )  placed 180 d e g r e e s  a p a r t  c o u l d  be u s e d  t o  p a r t i a l l y  
c o m p e n s a t e  f o r  t h i s  c o n d i t i o n  b u t  t h e  U n i v e r s i t y  recommends 
u s i n g  a s p h e r i c a l  sea t  p l a t e n  w i t h  t h e  e x t e n s o m e t e r  ac ross  t h e  
p l i e s  a n d  p r e c i s e l y  m a c h i n e d  s p e c i m e n s .  A l l  o f  t h e  T a s k  I 
c o m p r e s s i o n  s p e c i m e n  d e v e l o p m e n t  was c o n d u c t e d  i n  t h e  l o n -  
g i t u d i n a l  material  d i r e c t i o n .  S c a r f  j o i n t s  w e r e  n o t  i n c l u d e d  i n  
t h e  c o m p r e s s i o n  
e f f e c t  i n  t h i c k  
r o u n d e d  b y  many 
3. MONOTONIC 
T h e  s h o r t  
t e s t s  s i n c e  t h e y  were e x p e c t e d  t o  h a v e  l i t t l e  
l a m i n a t e s  w h e r e  a s i n g l e  j o i n t  w o u l d  b e  s u r -  
c o n t i n u o u s  p l i e s .  
S H E A R  SPECIMEN DESIGN 
beam s h e a r  t es t  was selected f o r  e v a l u a t i n g  t h e  
s h e a r  s t r e n g t h  o f  3 /  5 a n d  7 p l y  l a m i n a t e s .  The s p e c i m e n  a n d  
p r o c e d u r e s  w e r e  m o d e l e d  a f t e r  t h o s e  u s e d  f o r  h i g h  m o d u l u s  
f i b e r o u s  composites; ASTM D3518-76. The  s h e a r  p l a n e  f o r  a l l  t h e  
T a s k  I s p e c i m e n s  was i n  t h e  l o n g i t u d i n a l - t r a n s v e r s e  material  
d i r e c t i o n  ( f r a c t u r e  w a s  d e s i g n e d  t o  b e  i n  t h e  m i d d l e  o f  t h e  
c e n t e r  p l y ) .  T h e  f i x t u r e  s p a n  was f i v e  times t h e  n o m i n a l  
s p e c i m e n  d e p t h  (0 .3 ,  0.5,  o r  0.7 i n c h )  t h e  s p e c i m e n  w i d t h  w a s  
11 
TABLE 2 
TASK I1 - COMPRESSION TEST RESULTS 
NAscl LFmINATED WOOD STFlTIC COMPRESSION TESTS 
Dimens ions:  l"xl"x3" 
Spec i men Modu 1 u s  U l t  imate Stress Extensometer 
Number ( p s i  1 ( p s i  1 Locat ion 
504 1,900,888 10.238 ac ross  D 1 ies 
535 
596 
507 
508 
E A 0  
4U4 
51C 
511 
51s 
513 
2; 164; 000 
1,810,888 
2,348,888 
2,024,888 
9; 862 
9,915 
9,662 
9,943 
10,110 
10,140 
9,470 
9,093 
10,200 
ac ross  b l  ies 
ac ross  p l i e s  
across p l i e s  
across p l i e s  
on s i d e  
on s i d e  
on s i d e  
on s i d e  
on s i d e  
Extensometer Mean Mean Standard  Deuiat  ion Standard Deuiat  ion 
Location Modulus Ul t  imate Stress Modu 1 us Ultimate  Stress 
a c r o s s  
p l  ies 2,049,000 9,- 191,100 
on s i d e  1,856,000 9,803 256,300 
comb ined 1,952,000 9,862 245,900 
182 
443 
344 
W 1 FIXED PLATEN, 1 SWIVEL M T E N  ** 
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Specimen Modu 1 us Ultimate Stress Extensometer 
Number (psi 1 (psi 1 Locat ion 
50 3 1,533,888 9,578 across plies 
514 2,118,888 10,138 across plies 
513 1,797,888 9,810 across plies 
51 6 2,899,888 9,549 on side 
517 2,873,888 10,868 on side 
518 1,-,= 3, a6 =r! side 
- 
Extensometer Nean Hean Standard Deuiation Standard Deuiation 
Location Modulus Ultimate Stress Modu 1 us Ultimate Stress . 
across 
p 1 its 1,816,888 9,840 239,200 226 
on side 1,993,888 9,818 132,488 210 
combined 1,904,888 9, 212,600 218 
TABLE 2 
TASK 11 - COMPRESSION TEST RESULTS (CONCLUDED) 
NAsFl LRMINATED WOOD STATIC COtPRESSIoN TESTS 
Dimens ions: l"xl"x3" 
2 FIXED PUTENS 
t w i c e  t h e  d e p t h  a n d  t h e  o v e r a l l  l e n g t h  w a s  s e v e n  times t h e  d e p t h  
( s p e c i m e n  d e s i g n  1 0 ) .  A s  w i t h  a l l  t h e  m o n o t o n i c  tests t h e  t e s t  
m a c h i n e  d i s p l a c e m e n t  r a t e  w a s  s e l e c t e d  so a s  t o  p r o d u c e  a 
f a i l u r e  i n  1 t o  2 m i n u t e s .  The Task  I s h o r t  beam s h e a r  tes t  
r e s u l t s  a re  p r e s e n t e d  i n  Tab le  3. T h e  3 p l y  s p e c i m e n  y i e l d e d  
t h e  h i g h e s t  s h e a r  s t r e n g t h  v a l u e s  a l t h o u g h  i t  m u s t  b e  remembered  
t h a t  w i t h  t h i s  s p e c i m e n  a n d  ma te r i a l  d i r e c t i o n  w e  are  e v a l u a t i n g  
a s i n g l e  p l y  a n d  f o r  e a c h  l a m i n a t e  a l l  t h e  s p e c i m e n s  were t a k e n  
from t h e  same b o a r d ,  The  3 p l y  s p e c i m e n  a l s o  seemed t o  h a v e  
fewer o c c u r r e n c e s  o f  b e n d i n g  f a i l u r e s  t h a n  e i t h e r  t h e  5 a n d  7 
p l y  s p e c i m e n .  B a s e d  upon t h e s e  r e s u l t s  t h e  3 p l y  s h o r t  beam 
s h e a r  s p e c i m e n  w a s  selected f o r  Task  11. 
I 
I 
4.  F A T I G U E  S P E C I M E N  D E S I G N  
T h e  s t a r t i n g  p o i n t  f o r  t h e  e v o l u t i o n  o f  t h e  f a t i g u e  
s p e c i m e n  d e s i g n s  w a s  t h e  c o n s t a n t  t h i c k n e s s  d o g b o n e d  w i d t h  
t e n s i l e  s p e c i m e n  g e o m e t r y ,  The  f a t i g u e  e v a l u a t i o n s  were i i m i t e d  
t o  t h e  l o n g i t u d i n a l  material  d i r e c t i o n  f o r  b o t h  T a s k  I a n d  T a s k  
11. The  same problem descr ibed f o r  t h e  t e n s i l e  s p e c i m e n s  of 
c r u s h i n g  t h e  e n d s  o f  t h e  s p e c i m e n s  w i t h  t h e  w e d g i n g  a c t i o n  o f  
t h e  g r i p s  e x i s t e d  f o r  t h e  e a r l y  f a t i g u e  s p e c i m e n s  a n d  was 
r e m e d i e d  i n  t h e  same manner  (U-shaped c r u s h  l imi te rs ) .  A d i f -  
f i c u l t y  w h i c h  o c c u r r e d  o n l y  o n  t h e  f a t i g u e  s p e c i m e n s  was t h e  
g r a d u a l  c r a c k i n g  w h i c h  s t a r t e d  a t  t h e  b l e n d  p o i n t s  o f  t h e  t r a n -  
s i t i o n  r a d i i  a n d  preceeded t o w a r d s  t h e  g r i p s  l e a d i n g  t o  s p e c i m e n  
f a i l u r e  a t  t h e  g r i p s .  I n  e f f e c t  t h e  s p e c i m e n s  were c h a n g i n g  
f r o m  a d o g b o n e  c o n f i g u r a t i o n  t o  a s t r a i g h t  s i d e d  c o n f i g u r a t i o n .  
A l l  of t h e  s t r a i g h t  s i d e d  specimens s u b j e c t e d  t o  c y c l i c  l o a d i n g ,  
w i t h  ( i . e . /  d e s i g n  Nos. 9 a n d  1 2 )  o r  w i t h o u t  r e i n f o r c i n g  t a b s ,  
i n e v i t a b l y  f a i l e d  i n  t h e  g r i p s  s ince  t h e  l a m i n a t e  w a s  b e i n g  
damaged by  t h e  g r i p  c r u s h i n g  a c t i o n .  T o  be compatible  w i t h  t h e  
MTS h y d r a u l i c  g r i p s  a n d  p r o d u c e  f a i l u r e s  w i t h i n  t h e  t e s t  s e c t i o n  
t h e  f a t i g u e  s p e c i m e n  d e s i g n s  would n e e d  t o  b e  d o g b o n e d  i n  t h e  
w i d t h  d i r e c t i o n  a n d  r e i n f o r c e d  i n  t h e  t h i c k n e s s  d i r e c t i o n  i n  t h e  
t r a n s i t i o n  area b e t w e e n  t h e  t e s t  s e c t i o n  a n d  t h e  g r i p .  Many 
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TABLE 3 
SHORT BEAM SHEAR TEST RESULTS 
I 7-10-5-421 740-5422 
7-10-5-423 
7-10-5-424 
7-10-542s 
7-10-5-426 
7-10-5-427 
7-185-428 
7-10-5429 
7-10-5-432 
I 
I SPECIMN MQQJESS WIDTH S€H?LOQD 
PCMBER (IN. 1 (IN. 1 (LBS. 1 
3-10-5-401 .300 .600 430.0 
3-10-5-402 .3067 .618 470.0 
3-10-5-403 .3073 .612 447.0 
3-185-404 .3073 .613 482.5 
3-185-485 .3663 ,616 445.0 
3-10-5-486 ,3013 .612 430.0 
310-5407 .3883 .612 452.5 
3-10-5-488 .3113 .617 487.0 
I *10-5-409 .3113 .616 462.5 
+L&5-410 .3043 .615 350.0 
j 
I 
5-185-411 
5-10-5-412 
540-5413 
5-10-5-414 
5-10-5-415 
5-10-5416 
540-5417 
510-5418 
5-10-5419 
5-10-5-428 
.524 
,5077 
.5857 
.%17 
,5157 
.519 
.5p7 
.514 
.S13 
.5247 
.723 
.697 
,699 
0 7 8 6  
.700 
,695 
.699 
721 .m 
,714 
1.825 
1.018 
1.021 
1.020 
1.015 
1.026 
1.026 
1.825 
1.821 
1.020 
1.426 
1.427 
1.419 
1.417 
1.424 
1.422 
1.422 
1.427 
1.422 
1.419 
856.25 
868.75 
831.25 
831.25 
862.5 
887.5 
987.5 
787.5 
900.0 
893.75 
1662.5 
1550.8 
1487.5 
1462.5 
1462.5 
1612.5 
1425.0 
1562.5 
1587.5 
153?'. 5 
SHEFlR STRESS 
(PSI 1 
~ 
1791.7 
1859.8 
1702.6 
1921.0 
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1 5  
i t e r a t i o n s  o f  r e i n f o r c i n g  t h e  s p e c i m e n  g r i p p i n g  a rea  were 
e v a l u a t e d  b e f o r e  a s u c c e s s f u l  a p p r o a c h  e v o l v e d .  I n i t i a l  a t -  
tempts i n c l u d e d  d o g b o n i n g  t h e  s p e c i m e n  t h i c k n e s s ,  a d d i n g  
u r e t h a n e  t a b s  a n d  a d d i n g  f i b e r g l a s s  t abs .  S p e c i m e n s  w i t h  con-  
s t a n t  t h i c k n e s s  r e i n f o r c e i n g  t a b s  ( i . e . !  d e s i g n  N o .  8 i n  F i g u r e  
1) r e s p o n d e d  t o  t h e  f a t i g u e  l o a d i n g  b y  d e l a m i n a t i o n  o f  t he  t abs  
s t a r t i n g  a t  t h e  l e a d i n g  e d g e  a n d  p r o g r e s s i n g  toward t h e  g r i p  a s  
t h e  s p e c i m e n  a c c u m u l a t e d  c y c l e s .  The s c h e m e  w h i c h  p r o v e d  s u c -  
c e s s f u l  u t i l i z e d  t h e  a p p r o a c h  of g r a d u a l l y  t r a n s i t i o n i n g  f r o m  
t h e  l o w  c o m p l i a n c e  o f  t h e  g r i p s  t o  t h e  r e l a t i v e l y  h i g h  com- 
p l i a n c e  o f  t h e  s p e c i m e n  t es t  s e c t i o n  w h i l e  r e i n f o r c i n g  t h e  
t r a n s i t i o n  a r e a s  o f  t h e  s p e c i m e n  e s p e c i a l l y  i n  t h e  t r a n s v e r s e  
d i r e c t i o n .  T h i s  s t i f f n e s s  t a p e r i n g  a n d  l a t e r a l  s u p p o r t  c o m b i n e d  
w i t h  i n c r e a s i n g  t h e  t es t  s e c t i o n  w i d t h  t o  2 i n c h e s  ( t h e  g r i p  
w i d t h  is 3 i n c h e s  w i t h  t h e  c r u s h  l imi te rs )  g e n e r a t e d  s p e c i m e n  
d e s i g n s  13 a n d  135. G e n e r a l l y  t h e s e  d e s i g n s  f a i l e d  b y  c r a c k i n g  
i n  tile t e s t  s e c t i o n s  fcr a l l  combin%tinna of R r a t i o s  a n d  en-  
v i r o n m e n t s  w h i c h  were e v a l u a t e d .  
T h e  l o n g i t u d i n a l  s t i f f n e s s  t a p e r i n g  i n  t h e s e  s p e c i m e n s  w a s  
a c c o m p l i s h e d  by  l a y e r i n g  t h r e e  d i f f e r e n t  l e n g t h s  o f  E g l a s s  
c o m b i n e d  w i t h  t a p e r i n g  t h e  t h i c k n e s s  o f  t h e  West S y s t e m  e p o x y  
u s e d  t o  bond t h e  f i b e r g l a s s  t o  t h e  l a m i n a t e .  The  s e r r a t i o n s  of 
t h e  MTS g r i p s  w o u l d  n o t  b i t e  t h e  West S y s t e m  e p o x y  w i t h o u t  
e x c e s s i v e  c r u s h i n g  s o  d e a d  s o f t  (1100 ser ies)  a luminum tabs  were 
added w h i c h  y i e l d  t o  t h e  s e r r a t i o n s  u n d e r  t h e  n o r m a l  c l a m p i n g  
forces.  The s t r e n g t h  of t h e  aluminum tab/West S y s t e m  e p o x y  bond 
w a s  s u f f i c i e n t  f o r  3 p l y  2 - i n c h  wide t es t  s e c t i o n  f a t i g u e  tests 
a n d  5 p l y  2 - i n c h  wide ( w i t h  t h r e e  scarf j o i n t s )  f a t i g u e  t e s t s  
b u t  was n o t  s u f f i c i e n t  f o r  t h e  5 p l y  d e s i g n  w i t h o u t  j o i n t s  i n  
t h e  2 - i n c h  w i d t h .  The 3 p l y  d e s i g n  13 s p e c i m e n  a n d  t h e  5 p l y  
d e s i g n  135 (J d e n o t e s  w i t h  3 s c a r f  j o i n t s )  s p e c i m e n s  were 
selected f o r  T a s k  I1 e v a l u a t i o n .  L o w  vo lume  v e r s i o n s  o f  
s p e c i m e n s  13 a n d  135 were a l s o  d e s i g n e d  (14 a n d  145) b u t  were 
n o t  u t i l i z e d  d u r i n g  t h e  c u r r e n t  e f f o r t .  
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SECTION 3 
T A S K  I1 - GENERATING TEST D A T A  
T h e  T a s k  I1 m o n o t o n i c  a n d  c y c l i c  f a t i g u e  t es t  matr ic ies  
are  p r e s e n t e d  i n  Tables  4 a n d  5 r e s p e c t i v e l y .  The 10 p l y  
m o n o t o n i c  c o m p r e s s i o n  t e s t  specimens were GFE. T h e  r e m a i n i n g  
s p e c i m e n s  were f a b r i c a t e d  by  t h e  U n i v e r s i t y ' s  s u b c o n t r a c t o r ,  
D a y t o n  Scale Model I n c . /  u s i n g  U D R I  e s t a b l i s h e d  p r o c e d u r e s  a n d  
NASA s u p p l i e d  l a m i n a t e s .  Due to  t h e  l i m i t e d  s u p p l y  o f  material  
a l l  t h e  3 p l y  a n d  5 p l y  m o n o t o n i c  tes t  s p e c i m e n s  were removed 
from a s i n g l e  s h e e t  o f  t h e  3 a n d  5 p l y  l a m i n a t e s .  
1. T E N S I L E  TEST R E S U L T S  
T h e  T a s k  I1 t e n s i l e  test  r e su l t s  a re  p r e s e n t e d  i n  Table  6. 
The m o d u l u s  da ta  f o r  t h e  5 p l y  d e s i g n  75 t e s t  s p e c i m e n s  was 
o b t a i n e d  w i t h  a 2 i n c h  g a g e  l e n g t h  s t r a i n  g a g e  e x t e n s o m e t e r  
placed a c r o s s  t h e  p l i e s  a t  t h e  center of t h e  t e s t  s e c t i o n  so 
t h a t  t h e  e x t e n s o m e t e r  s p a n n e d  t h e  s c a r f  j o i n t  o f  t h e  c e n t e r  p l y .  
The f i r s t  b a t c h  of t h e  d e s i g n  7 h o t / w e t  t es t  s p e c i m e n s  were 
p r e c o n d i t i o n e d  i n  t h e  120 'F a p p r o x i m a t e l y  100% R H  c h a m b e r  
w i t h o u t  p r o t e c t i n g  t h e  e n d s  o f  t h e  s p e c i m e n s  f r o m  t h e  
e n v i r o n m e n t .  T h e s e  s a m p l e s  f a i l e d  by  s h e a r i n g  i n  t h e  o u t e r  
p l i e s  i n  t h e  g r i p s  b e f o r e  a t e s t  s e c t i o n  f a i l u r e  o c c u r r e d .  W e  
t h e n  re tes ted t h r e e  r e m a i n i n g  s a m p l e s  a f t e r  p r o t e c t i n g  t h e i r  
g r i p p i n g  s u r f a c e s  w i t h  p l a s t i c  wrap  a n d  d u c t  t ape  w h i l e  t h e y  
were b e i n g  p r e c o n d i t i o n e d .  P o i s s o n ' s  r a t i o  ( p L T )  is repor ted  
f o r  t w o  s p e c i m e n s  a t  t h e  RT c o n d i t i o n  w h i c h  were i n s t r u m e n t e d  
w i t h  h i g h  i m p e d a n c e  h i g h  e l o n g a t i o n  s t r a i n  g a g e s  w i t h  t h e i r  a x i s  
a l i g n e d  w i t h  t h e  t r a n s v e r s e  material  d i r e c t i o n  a t  t h e  c e n t e r  o f  
t h e  s p e c i m e n  t e s t  s e c t i o n .  
2 .  COMPRESSION TEST RESULTS 
T h e  T a s k  I1 c o m p r e s s i o n  tes t  r e s u l t s  a r e  p r e s e n t e d  i n  
T a b l e  7. As w i t h  many o f  t h e  m o n o t o n i c  teats  c o n d u c t e d  i n  t h e  
STL t h e  c o m p r e s s i o n  t es t  d a t a  w a s  co l l ec t ed  a n d  r e d u c e d  u s i n g  
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o u r  DEC PDP 11/34 m i n i c o m p u t e r  d a t a  r e d u c t i o n  s y s t e m .  A t y p i c a l  
t es t  c u r v e  is r e p r o d u c e d  i n  F i g u r e  2. P o i s s o n  r a t i o  m e a s u r e -  
m e n t s ,  w h e r e  l i s t e d  i n  t h e  t a b l e ,  were d e t e r m i n e d  by m o u n t i n g  
h i g h  i m p e d a n c e  h i g h  e l o n g a t i o n  s t r a i n  g a g e s  i n  t h e  d i r e c t i o n  
p e r p e n d i c u l a r  t o  t h e  l o a d i n g  a x i s  on t h e  face p l y  of t h e  t e s t  
s p e c i m e n s .  
3. SHORT BEAM S H E A R  TEST RESULTS 
I T h e  T a s k  I1 s h o r t  beam s h e a r  t e s t  r e s u l t s  a re  p r e s e n t e d  i n  
T a b l e  8. S e v e r a l  s p e c i m e n s  f a i l e d  i n  b e n d i n g  i n  t h e  o u t e r  p l y  
i n s t e a d  of s h e a r  i n  t h e  c e n t e r  p l y .  The  c e n t e r  p l y  s h e a r  stress 
w a s  c a l c u l a t e d  f o r  t h e  load a t  wh ich  b e n d i n g  f a i l u r e  o c c u r r e d  
a n d  is repor t ed  f o r  r e f e r e n c e  b u t  was n o t  i n c l u d e d  i n  d e t e r m i n -  
i n g  t h e  mean o r  s t a n d a r d  d e v i a t i o n .  E x p o s i n g  t h e  LT s p e c i m e n s  
t o  t h e  h o t / w e t  e n v i r o n m e n t  seemed  to  h a v e  more o f  a n  e f f e c t  o n  
I t h e  s h e a r  s t r e n g t h  of t h e  l a m i n a t i o n s  t h a t  t h e  s t r e n g t h  of t h e  
I 
l 
D o u g l a s  F i r .  S e v e r a l  of these s p e c i m e n s  f a i l e d  i n  shear i n  tile 
West S y s t e m  e p o x y  l a m i n a t i o n  a n d  a g a i n  t h e  n e u t r a l  a x i s  s h e a r  
stress is reported b u t  n o t  i n c l u d e d  i n  t h e  c a l c u l a t i o n s .  
4. TEN DEGREE O F F - A X I S  T E N S I L E  S H E A R  TEST R E S U L T S  
T h e  10 degree o f f - a x i s  t e n s i l e  s h e a r  t e s t  p r o c e d u r e  f o r  
t h e  i n t r a l a m i n a r - s h e a r  c h a r a c t e r i z a t i o n  o f  u n i d i r e c t i o n a l  f i b e r  
composites is d e s c r i b e d  by  Chamis  a n d  S i n c l a i r  i n  R e f e r e n c e  2.  
I A s i n g l e  s p e c i m e n  w a s  e v a l u a t e d  wh ich  h a d  t h e  l o n g i t u d i n a l  
mater ia l  d i r e c t i o n  t i l t e d  10 d e g r e e s  from t h e  a x i a l  l o a d i n g  
d i r e c t i o n .  The specimen was 3 f e e t  l o n g ,  2 i n c h e s  w i d e  a n d  3 
I 
I 
I p l y  t h i c k  a n d  w a s  e q u i p p e d  w i t h  60 degrees d e l t a  roset te  s t r a i n  
g a g e s  moun ted  b a c k  t o  b a c k  a t  t h e  cen te r  of t h e  s p e c i m e n .  The 
e n d s  of t h e  s p e c i m e n  were g r i p p e d  u t i l i z i n g  t h e  same h y d r a u l i c  
a c t i v a t e d  wedge a c t i o n  MTS g r i p s  w i t h  m e c h a n i c a l  c r u s h  l imiters 
t h a t  were u s e d  f o r  t h e  t e n s i l e  tes t  a n d  t h e  s p e c i m e n  was p u l l e d  
to f a i l u r e  a t  a s t a t i c  ra te .  The  f r a c t u r e  o c c u r r e d  w i t h i n  t h e  
t e s t  s e c t i o n  i n  t h e  l o n g i t u d i n a l - r a d i a l  p l a n e  (across  t h e  p l i e s )  
a s  was d e s i r e d .  The  c a l c u l a t e d  stress v e r s u s  s t r a i n  c u r v e  ( a  L R  
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STRRIN ( IN/ IN)  E* 
COMPRESSIVE MODULUS OF ELFISTICITY: 2234 Ksi  ( 15.41 GPa-1 
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..................................................................... 
F i g u r e  2 .  Typica l  Task I1 Compression T e s t  R e s u l t s .  
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'TABLE a 
T A S K  I1 STATIC SHORT BEAM S H E A R  TEST RESULTS 
3 p l y ,  D e s i g n  10 Spec imen  C o n f i g u r a t i o n  
S h e a r  P a r a l l e l  t o  t h e  G r a i n  ( L o n g i t u d i n a l )  D i r e c t i o n  
I 
S p e c i m e n  E n v i r o n m e n t a l  
I Number C o n d i t i o n  
3-10-5-431 R T i R H  
-432 
- 4 3 3  
-434  
I -435  It 
S h e a r  
S t r e n g t h ,  S L T ( p s i )  Comments 
___-_I-- -- --_-----__ 
>1170  S h e a r  f a i l u r e  i n  
o u t e r  p l y  
1190 
1 0 7 0  
> 1 2 2 0  B e n d i n g  f a i l u r e  i n  
o u t e r  p l y  
- 1170  
I Mean ( S t d .  Dev.) 1140 ( 5 0 )  
3-10-5-441 12O"Ft  100% R H  > 700  S h e a r  F a i l u r e  a t  
I1 p l y  i n t e r f a c e  
-442  > 592  
> 6 2 5  -443 
-444 003 
> 5 9 2  -445  
Mean ( S t d .  Dev. )  
I 1  
I1  
It 
I1  
I I 1  
C r -  
I1  
-- - 
3 p l y ,  D e s i g n  1 5  Spec imen  C o n f i g u r a t i o n  
S h e a r  Across t h e  P l i e s  ( R a d i a l )  D i r e c t i o n  
S p e c i m e n  Env i ronmen  t a l  S h e a r  
Number C o n d i t i o n  S t r e n g t h  , SLR ( p s i )  Comments 
---------- ---- ---_-----I-__----~- --------- --- 
3-15-5-446 R T r R H  
-447 I1 
-448  
-449  
-450 
1830 
1830 
> la40  
>1730  
Bend ing  f a i l u r e  
II 
V I  
Mean ( S t d .  Dev. )  1830 ( 0 )  
3-15-5-457 120 'F t  100% RH > l o 7 0  B e n d i n g  f a i l u r e  
I1  
II 
I1 
11 
-458 >1170 I1 
-459  > lo10  
-460 > 970 
-464 > l o 2 0  
11 
I1  
I1 
Mean ( s t d .  Dev. )  
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/ 
Fai lure 
-12,758 in l in  
1,020 p s i ,  
0.00 -0.35 -0.70 -1.05 -1.40 
INll?WVlINFIR SkGH STRFIIN E 0 4  
(pin/in) 
E : E  45 ' '9~ 90 L,P E '   r'dg E 0 : vo LR Pt.: Loa6 o 
1 : 1,000 28s : +2.38 1,656 : -1.22 -87'8 : -0.87 626 : -3,398 
3 : 3,888 855 : 6.93 4,990 : -3.98 -2,sa : -2.55 -1,836 : -10,515 
2 I 2,000 578 : +4.61 3,319 : -2.52 -1,814 : -1.72 -1,238 : -6,923 
4 : 3,575 1,020 :'+e.= 5,976 : 4.72 -3,359 : -3.02 -2,175 : -12,745 
= 80,000 psi - 1020 psi GLR 12750 yin/in 
Figure 3. Ten Degree Off-Axis Tensile Shear Test Results. 
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v e r s u s  E: ) is  r e p r o d u c e d  i n  F i g u r e  3. F r a c t u r e  o c c u r r e d  a t  a 
stress o f  1 0 2 0  p s i  ( a U l t ) .  T h e  s e c a n t  s h e a r  m o d u l u s  (GLR) f o r  
t h i s  t e s t  w a s  c a l c u l a t e d  t o  be 80,000 p s i .  
LR 
LR 
5. C Y C L I C  TEST RESULTS 
T h e  T a s k  I1 s p e c i m e n  d e s i g n  13 ( 3  p l y  w i t h o u t  j o i n t s )  
f a t i g u e  t es t  r e s u l t s  a re  p r e s e n t e d  i n  F i g u r e s  4 t h r o u g h  6 f o r  R 
r a t i o s  o f  0 .0 ,  -0.5, a n d  -1.0 a t  RT a n d  R H .  F i g u r e s  7 a n d  8 
p r e s e n t  t h e  f a t i g u e  r e s u l t s  f o r  R r a t i o s  o f  0.0 a n d  -1.0 a t  
1 2 0 ° F  a n d  100% R H .  T h e  T a s k  I1 s p e c i m e n  d e s i g n  135 ( 5  p l y  w i t h  
3 scar f  j o i n t s )  f a t i g u e  tes t  r e s u l t s  a re  p r e s e n t e d  i n  F i g u r e s  9 
t h r o u g h  11 f o r  R r a t i o s  o f  0.0,  -0.5, a n d  -1.0 a t  RT a n d  RH. 
F i g u r e s  1 2  a n d  13 p r e s e n t  t h e  f a t i g u e  r e s u l t s  f o r  R r a t i o s  o f  
0.0 a n d  -1.0 a t  1 2 0 ° F  a n d  100% RH. For a l l  o f  t h e s e  t e s t s  t h e  
f a i l u r e s  o r i g i n a t e d  w i t h i n  t h e  t e s t  s e c t i o n  a n d  a f a i l u r e  is 
d e f i n e d  a s  when t h e  s p e c i m e n  c o u l d  n o  l o n g e r  s u s t a i n  t h e  a p p l i e d  
load. 
T h e  s p e c i m e n s  tested a t  t h e  n e g a t i v e  R r a t i o s  a n d  R T  a n d  
R H  were g i v e n  l a t e r a l  s u p p o r t  w i t h  a n t i b u c k l i n g  f i x t u r e s  w i t h  
0 . 2 5  i n c h  t h i c k  T e f l o n  coated aluminum p l a t e s  c o n t a c t i n g  t h e  
t e s t  s e c t i o n  a t  t w o  e q u a l l y  s p a c e d  l o c a t i o ? s  so t h a t  most o f  t h e  
t es t  s e c t i o n  c o u l d  be v i e w e d  d u r i n g  t h e  t e s t .  The  s p e c i m e n s  
t es ted  a t  t h e  n e g a t i v e  R r a t i o s  and  12O0F,  a n d  1 0 0 %  R H  were 
g i v e n  l a t e r a l  s u p p o r t  by c l a m p i n g  T e f l o n  c o a t e d  a luminum an-  
t i b u c k l i n g  p l a t e s  o v e r  t h e  e n t i r e  l e n g t h  o f  t h e  t e s t  s e c t i o n  so 
t h a t  t h e  e n t i r e  t es t  s e c t i o n  was o b s c u r r e d .  T h e s e  a n t i b u c k l i n g  
p l a t e s  were i n  t u r n  e n c l o s e d  by m o i s t  c l o t h s  a n d  t h e  e n t i r e  
a s s e m b l y  w a s  sealed w i t h  p l a s t i c  wrap a n d  j u c t  t ape .  The  e n t i r e  
t e s t  s p e c i m e n  a s s e m b l y  w a s  t h e n  placed i n s i d e  t h e  e n v i r o n m e n t a l  
c h a m b e r  w h i c h  w a s  m a i n t a i n e d  a t  1 2 0 ° F .  A t h e r m o c o u p l e  w a s  
a t t a c h e d  t o  t h e  s p e c i m e n  t e s t  s e c t i o n  a n d  t h e  t es t  w a s  s t a r t ed  
a f t e r  t h e  t h e r m o c o u p l e  s t a b i l i z e d  a t  1 2 0 ° F  (1 t o  2 h o u r  s o a k ) .  
The  s p e c i m e n s  d e s i g n a t e d  f o r  h o t / w e t  f a t i g u e  t e s t i n g  were s o a k e d  
i n  a p r e c o n d i t i o n i n g  c h a m b e r  m a i n t a i n e d  a t  1 2 0 ° F  a n d  ap- 
p r o x i m a t e l y  100% RH f o r  1 2  t o  14 d a y s  t o  raise t h e i r  m o i s t u r e  
(text continued on page 37) 
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CYCLES TO FAILURE 
W'tIWTED WOOD FRTIGUE TEST RESULTS 
(design 13, R ratio = 8.81 
Specimen Description Maximiurn Stress (psi) Cycles t o  Failure 
5-2-3-13-233 
5-2-3-13-239 
5-2-3-13-248 
5-2-3-13-241 
5-2-3-13-242 
5-2-3-13-243 
5-2-3-13-252 
5-2-3-13-253 
5-2-3-13-254 
* Transverse grain, static failure 
8888 
6000 
7588 
7588 
9888 
6088 
9888 
7588 
10000 
54,003 
6,484,988 
71,003 
1,848,100 
4,313,788 
11,003 
288,786 
15,688 
N.Q. * 
Figure  4 .  R o o m  Temperature,  0 . 0  R R a t i o ,  Specimen Design 13, 
F a t i g u e  Resu l t s .  
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CYCLES TO FFlILURE 
NAscl LCY1INFITED MOOD FFlTIaJE TE!;T RESULTS 
(design 13, R ratio = -8 .5 )  
Specimen Description M a x i m u m  Stress (psi) Cycles to Failure 
3-2-3-13-263 
3-2-3-13-260 
3-2-3-13-259 
3-2-3-13-261 
3-2-3-13-256 
* 3-2-3-13-w 
3-2-3-13-255 
3-2-3-13-262 
3-2-3-13-258 
5000 
6000 
6888 
7888 
7888 
7000 
8000 
8888 
9000 
759,188 
108,686 
3,416,400 
168,600 
400 
281,200 
61,588 
6,888 
686 
F i g u r e  5. R o o m  Temperature,  -0 .5  R R a t i o ,  Specimen Design 1 3 ,  
F a t i g u e  Resu l t s .  
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CYCLES TO FFIILLlRE 
NRSFI LAMINFITfD WOOD FFITIGUE TEST RESULTS 
(design 13, R ratio = -i.0) 
Specimen Description Maximum Stress (psi) Cycles to Failure 
3-2-3-13-296 3588 1,916,388 
............................................... 
3-2-3-13-281 3588 2,584, 
3-2-3-13-288 3588 7,822 100 
3-2-3-13-285 4888 2, a, 688 
3-2-3-13-280 4000 847,288 
3-2-3-13-277 4000 168,688 
3-2-3-13-273 4888 3,217,588 
3-2-3-13-270 5000 9,500 
3-2-3-13-276 5000 14,988 
3-2-3-13-278 5800 130,500 
3-2-3-13-282 5800 245,388 
3-2-3-13-284 6000 7,100 
3-2-3-13-283 6000 5,100 
3-2-3-13-279 6000 200 
3-2-3-13-269 6000 56,600 
Figure 6. Room Temperature, -1.0 R Ratio, Specimen Design 13, 
Fatigue Results. 
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CYCLES TO FFIILURE 
WSQ LRMIWTED GjOOD FFITIGUE TEST RESULTS 
(design 13, R ratio = 8.8) 
Specimen Description Maximum Stress (psi 1 Cycles to Failure 
3-2-3-13-2988 
3-2-3-13-299B 
3-2-3-13-388B 
3-2-3-13-328 
60m 
5000 
4000 
5500 
4, 
591,200 
7,859,100 
v,m 
F i g u r e  7 .  1 2 0 ° F ,  Approximately 100%RH, 0 . 0  R R a t i o ,  Specimen 
Design 13 ,  F a t i g u e  R e s u l t s .  
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CYCLES TO FFIILURE 
E 0 6  E07 
NFISA LFlMINFITED WOOD FATIGUE E S T  RESULTS 
(design 13, R ratio = -1.8) 
Specimen Description b i n u r n  Stress (psi) Cycles to Failure 
~ 
3-2-3-13-319 
3-2-3-13-325 
3-2-3- 13-326 
3-2-3-13-328 
3-2-3-13-338 
3-2-3-13-332 
3-2-3-13-334 
3-2-3-13-336 
3-2-3-13-338 
3888 
2588 
2000 
2588 
2758 
z s 0  
22!50 
22!50 
2000 
400 
9,786 
3,747,500 
5,000 
588 
1,547,588 
219,388 
32, 588 
18,888,888 * 
F i g u r e  8 .  120°F, Approximately 1 0 0 %  RH, -1 .0  R R a t i o ,  Specimen 
Design 1 3 ,  F a t i g u e  Resu l t s .  
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CYUS TO FRILLRE 
NRscl WlINFlTED WOOD FRTIGUE TEST RESULTS 
(design 13J, R ratio = 8.8) 
Specimen Description Maximum Stress (psi) Cycles to Failure 
~ 
5-2-3-135-235 
5-2-3-13-236 
5-2-3-13-245 
5-2-3-13-246 
5-2-3-13-247 
5-2-3-135-248 
5-2-3-133-249 
5-2-3-13-258 
5888 
6886 
4588 
5588 
5588 
6886 
6588 
6500 
355,100 
7,888 
18,888,888 * 
51,688 
18,886,888 * 
138,888 
11,888 
16,500 
F i g u r e  9.  R o o m  T e m p e r a t u r e ,  0 . 0  R R a t i o ,  S p e c i m e n  Design 13J, 
F a t i g u e  R e s u l t s .  
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CYCLES TO FFIILURE 
NRSQ LAMINATED WOOD FFITIGUE TEST RESULTS 
(design 135, R ratio. = -8.5) 
Specimen Description Maximum Stress (psi) Cycles to Failure 
5-2-3-135-251 
5-2-3-135-275 
5-2-3-135-274 
5-2-3-135-264 
5-2-3-135-272 
5-2-3-135-268 
5-2-3-135-267 
5-2-3-135-266 
5-2-3-135-271 
5-2-3-135-265 
* Runout 
4880 
4888 
5000 
6000 
6888 
7088 
7000 
7000 
8000 
8888 
18,888,888 * 
18,888,888 * 
1,259,206 
774,100 
97, 
52,888 
788 
34,888 
2,- 
9,206 
Figure  10. Room Temperature,  - 0 . 5  R R a t i o ,  Specimen Design 13J, 
F a t i g u e  R e s u l t s .  
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CYCLES TO FRILURE 
NRsFl LRMINRTED WOOD FRTIGUE TEST RESULTS 
(design 1 3 ,  R ratio = -1.0) 
Specimen Description Maximum Stress (psi) Cycles to Failure 
5-2-3-135-295 
5-2-3-135-287 
5-2-3-135-289 
5-2-3-135-304 
5-2-3-135-303 
5-2-3-135-286 
5-2-3-135-290 
5-2-3-135-302 
5-2-3-13J-301 
5-2-3-135-388 
5-2-3-135-298 
5-2-3-135-294 
5-2-3-135-293 
5-2-3-133-292 
5-2-3-135-291 
* Runout 
3000 
4000 
4000 
4000 
4000 
5888 
5000 
5888 
5000 
5000 
5888 
6000 
6000 
6000 
6000 
10,000,000 * 
376,700 
248,700 
427,600 
726,488 
135,700 
67,888 
n,= 
32,500 
84,688 
27,100 
3,800 
600 
500 
10,500 
F i g u r e  11. R o o m  T e m p e r a t u r e ,  -1.0 R R a t i o ,  S p e c i m e n  Design 13S, 
Fa t igue  R e s u l t s .  
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CYCLES TO F F I I L E  
WtSR LFmINFlTED WOOD FFITIGLE TEST RESULTS 
(design 1 3 ,  R r a t i o  = 8.0) 
Specimen Descript ion Maxirum Stress (ps i  1 Cycles t o  failure 
5-2-3-13-311 
5-2-3-13-312 
5-2-3-13-313 
5-2-3-13-314 
5-2-3-13-315 
5-2-3-13-316 
4888 
5888 
4588 
3500 
3300 
3000 
* Runout 
F i g u r e  1 2 .  1 2 0 ° F ,  A p p r o x i m a t e l y  1 0 0 %  RH, 0 .0  R R a t i o ,  S p e c i m e n  
D e s i g n  13J, F a t i g u e  R e s u l t s .  
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CYCLES TO FFIILURE 
NRscl LRMINFITEI) WOOD FFITIGUE TEST RESULTS 
(design 13, R ratio = -1.8) 
Specimen Description Maximum Stress (psi 1 Cycles to Failure 
5-2-3-13-318 
5-2-3-13-321 
5-2-3-13-323 
5-2-3-13-324 
5-2-3-13-327 
5-2-3-13-329 
5-2-3-13-331 
5-2-3-13-333 
5-2-3-13-335 
5-2-3-13J-337 
t Runout 
2888 
2888 
3000 
2588 
2588 
3000 
2588 
3000 
2888 
2888 
180,786 
18,868,868 * 
2,988 
6, QB8 
109,988 
988 
5, 500 
500 
1,518,688 
434,588 
Figure 13. 120°F, Approximately 100% RH, -1.0 R Ratio, Specimen 
Design 13J, Fatigue Results. 
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c o n t e n t  t o  a p p r o x i m a t e l y  1 2  p e r c e n t .  The  J irst b a t c h  o f  
s p e c i m e n s  s o a k e d  a l l  e x h i b i t e d  s e v e r e  d e l a m i n a t i o n  o f  t h e  
g l a s s / e p o x y  g r i p  r e i n f o r c i n g  a f t e r  t h e  r e q u i r e d  e x p o s u r e  a n d  
were s c r a p e d .  
I A l l  t h e  s u b s e q u e n t  s p e c i m e n s  were s e a l e d  w i t h  p l a s t i c  
wrap a n d  d u c t  tape so t h a t  o n l y  t h e i r  t es t  s e c t i o n s  were e x p o s e d  
t o  t h e  moist  e n v i r o n m e n t .  Our  s y s t e m  used  t o  m a i n t a i n  ap-  
p r o x i m a t e l y  100% RH d u r i n g  t h e  test a l s o  c a u s e d  t h e  m o i s t u r e  
c o n t e n t  t o  r i se  d u r i n g  t h e  t e s t  e s p e c i a l l y  o n  t h e  h i g h  c y c l e  
tes t .  A l l  t h e  f a t i g u e  tests were r u n  a t  a l o a d i n g  f r e q u e n c y  o f  
5 Hz so t h a t  t h e  l o7  r u n o u t  tests r e q u i r e d  2 3 . 1  d a y s .  
s e v e r a l  of t h e  r u n o u t  specimens w e  removed t h e  test  s e c t i o n s  a n d  
b a k e d  them o u t  a t  2 2 0 ° F  a n d  f o u n d  moisture c o n t e n t s  a s  h i g h  a s  
1 7  p e r c e n t  b y  w e i g h t .  Two o f  t h e  STL MTS f a t i g u e  tes t  s y s t e m s  
w i t h  a t t e n d a n t  h y d r a u l i c  g r i p s  a n d  a n t i b u c k l i n g  f i x t u r e s  f o r  RT 
a n d  RH t e s t i n g  a re  shown p i c t o r i a l l y  i n  F i g u r e  14 .  
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S E C T I O N  4 
CONCLUSIONS A N D  RECOMMENDATIONS 
T h e  s t a t i c  m o n o t o n i c  t e n s i o n  a n d  c o m p r e s s i o n  t e s t  r e s u l t s  
compare f a v o r a b l y  w i t h  r e s u l t s  o b t a i n e d  b y  o t h e r  i n v e s t i g a t o r s  
w i t h  much l a r g e r  samples ( i . e . l  R e f e r e n c e  3 ) .  The  5 /1  
s p a n / d e p t h  r a t i o  s h o r t  beam s h e a r  t e s t  s p e c i m e n  g e o m e t r y  appears  
m a r g i n a l  f o r  t h i s  a p p l i c a t i o n .  A l t h o u g h  t h e  s h o r t  beam s h e a r  
t es t  is v e r y  s t r a i g h t - f o r w a r d  a n d  e c o n o m i c a l  t h e  f a i l u r e  mode is 
v a r i a b l e .  The  10 d e g r e e  o f f - a x i s  t e n s i l e  s h e a r  t e s t  appears  t o  
be a v i a b l e  a l t e r n a t i v e  t o  t h e  s h o r t  beam s h e a r  t es t  ( a t  l e a s t  
i n  t h e  L R  mater ia l  d i r e c t i o n )  a l t h o u g h  t h e  s p e c i m e n s  a r e  more 
d i f f i c u l t  t o  prepare a n d  t h e  p r o c e d u r e  is  much more i n v o l v e d .  
A d d i n g  t h r e e  scarf  j o i n t s  to  t h e  m o n o t o n i c  t e n s i l e  s p e c i m e n  
seemed t o  p r o d u c e  n o  e f f e c t  o f  t h e  mater ia l  m o d u l u s  b u t  d i d  
r e d u c e  t h e  u l t i m a t e  s t r e n g t h  a t  b o t h  e n v i r o n m e n t a l  c o n d i t i o n s .  
i n c r e a s i n g  the  t ~ m p e r z t u r e  a ~ c !  moistnre content  of t h e  m o n o t o n i c  
s p e c i m e n s  a p p a r e n t l y  p r o d u c e d  s i g n i f i c a n t  r e d u c t i o n s  i n  m o d u l u s  
a n d  s t r e n g t h .  
T h e  U n i v e r s i t y  b e l i e v e s  t h e  T a s k  I1 c y c l i c  f a t i g u e  t e s t  
r e s u l t s  are  c o n s e r v a t i v e  i n  c o m p a r i s o n  w i t h  much l a r g e r  vo lume  
s p e c i m e n s .  A s i n g l e  l o w  s t r e n g t h  p l y  i n  a 3 p l y  l a m i n a t e  wou ld  
p r o d u c e  r e l a t i v e l y  l o w  c y c l e  resul ts  a n d  a c c o u n t  f o r  con-  
s i d e r a b l e  sca t te r .  T h e  same l o w  s t r e n g t h  p l y  may n o t  h a v e  t h e  
same e f f e c t  i n  a 20 o r  30 p l y  l a m i n a t e .  The  a u t h o r  h a d  some 
s u c c e s s  i n  v i s u a l l y  i n s p e c t i n g  t h e  f a t i g u e  s p e c i m e n s  b e f o r e  t e s t  
a n d  r a n k i n g  t h e  t es t  r e s u l t s  b a s e d  upon  a p p e a r a n c e .  
Any e f f e c t s  p r o d u c e d  b y  i n c r e a s i n g  t e m p e r a t u r e  o r  m o i s t u r e  
c o n t e n t  o r  a d d i n g  s c a r f  j o i n t s  i n  t h e  f a t i g u e  t e s t s  w a s  much 
less a p p a r e n t  t h a n  w i t h  t h e  m o n o t o n i c  tests. The  U n i v e r s i t y  
recommends  t h a t  a s t a t i s t i c a l  e v a l u a t i o n  o f  t h e  T a s k  I1 r e s u l t s  
be u n d e r t a k e n  t o  d e t e r m i n e  w h a t  v a r i a b l e s ,  i f  a n y l  h a v e  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  on t h e  m e c h a n i c a l  p r o p e r t i e s  o r  
i f  a n y  a d d i t i o n a l  t e s t i n g  w o u l d  be i n  o rder .  
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